Measurements of normalized differential cross sections for top quark pair production are performed in the dilepton decay channels in proton-proton collisions at a center-of-mass energy of 13 TeV. The differential cross sections are measured with data corresponding to an integrated luminosity of 2.1 fb −1 recorded by the CMS experiment at the LHC. We have measured the cross sections differentially as a function of the kinematic properties of the leptons (electron or muon), jets from bottom quark hadronization, top quarks, and top quark pairs at the particle and parton levels. The tt differential cross section measurements are compared to several Monte Carlo generators that implement calculations up to next-to-leading order in perturbative quantum chromodynamics interfaced with parton showering, and also to fixed-order theoretical calculations of top quark pair production beyond next-to-leading order accuracy.
I. INTRODUCTION
Measurements of top quark pair (tt) production cross sections as a function of top quark related kinematic observables are crucial for testing perturbative quantum chromodynamics (QCD) calculations and for probing a variety of different properties of the top quark. Moreover, they can reveal hints of new physics phenomena beyond the Standard Model. In this document, recent results of normalized tt differential cross sections measured in dilepton (electron or muon) final states (see Figure I ) are presented. The measurements are performed using proton-proton collision data produced at the CERN LHC at a center-of-mass energy of 13 TeV and recorded by the CMS experiment [1] in 2015. The analyzed data correspond to an integrated luminosity of 2.1 fb −1 .
FIG. 1: Feynman diagram of top-quark pair production decaying to lepton pairs.
The measurements are performed at the particle and parton levels. The visible particle-level measurements use final-state objects that are experimentally measurable and theoretically well defined to minimize Monte Carlo (MC) modeling dependence and to avoid large extrapolation, so variables are corrected mainly for detector effects. In contrast, the parton-level measurements are derived in the full phase space to compare to predictions of perturbative QCD beyond nextto-leading order (NLO) accuracy.
II. DATA SAMPLES
Double lepton (electron or muon) triggered data are used for this analysis.
MC techniques are used to simulate the signal and background processes. The simulation includes tt+jets, Z/γ * +jets, W+jets, single top quark production and diboson (WW,ZZ,WZ) processes. Simulated samples are generated by POWHEG and MG5 aMC@NLO and showered with either PYTHIA8 or HERWIG++.
III. SIGNAL DEFINITION AND EVENT SELECTION
The measured tt differential cross sections are presented at both particle and parton levels as a function of kinematic observables of the top quarks and the ttbar system, defined at generator level. The particlelevel top quark is defined at the generator level using the definitions of the final-state objects described as follows:
• Prompt neutrino : neutrinos not from hadron decays
• Dressed lepton : anti-kt algorithm with a distance parameter of 0.1 using electrons, muons and photons not from hadron decays, p T > 20 GeV, |η| < 2.4
• b quark jet : anti-kt algorithm with a distance parameter of 0.4 using all particles and ghost-B hadrons not including any neutrinos nor particles used in dressed leptons, p T > 30 GeV, |η| < 2.4
A W boson at the particle level is reconstructed by combining a dressed lepton and a prompt neutrino. A pair of particle-level W bosons is chosen among the arXiv:1801.03806v1 [hep-ex] 11 Jan 2018 possible combinations to minimise the scalar sum of invariant mass differences with respect to the W boson mass of 80.4 GeV. Similarly, the top quark at the particle-level is defined by combining a particle-level W boson and a b quark jet, with the minimum invariant mass difference from the correct top quark mass of 172.5 GeV. The visible phase space is defined to have a pair of particle-level top quarks, constructed from prompt neutrinos, dressed leptons, and b jets.
In addition, the parton-level objects are defined before the top quark decays into a bottom quark and a W boson and after QCD radiation. The normalized differential cross sections at the parton level are derived by extrapolating the measurements into the full phase space.
The dilepton decay channels consist of two leptons, at least two jets, and missing transverse energy (p miss T ) from two neutrinos. Events are selected using dilepton triggers, and additional selections are applied to filter signal event as follows:
• Two opposite-charged leptons (ee/µµ/eµ) with invariant mass of the lepton pair M ll > 20 GeV
• Z mass veto (|M ll − 91| < 15 GeV) for ee/µµ
• Missing transverse energy p The top quarks are reconstructed using the four momenta of all final-state objects by an algebraic kinematic reconstruction method. Constraints such as the balance of p T of the two neutrinos and mass of the W boson and the top quark are imposed. The tt system is reconstructed for 100 different random variations within their simulated resolution functions and varying the W boson mass to consider effects of detector resolution.
In each trial, the minimum invariant mass of the tt system are selected, and a weight is calculated using the expected invariant mass distribution of lepton and b jet pairs. The lepton and b jet pairs with the maximum sum of weights are chosen, and the neutrino momentum is determined using the weighted average over the trials. Figure 2 displays The normalized differential tt cross sections (1/σ)(dσ/dX) are measured as a function of several kinematic variables X. The corrections for detector efficiencies, acceptances, and migrations are performed using a D'Agostini unfolding method. σ is the total cross section. X represents a variable such as top p T , p tt T , tt mass, and ∆φ tt .
V. RESULTS
The normalized differential cross sections at particle level are measured as a function of the top p T , p 
VI. CONCLUSIONS
Normalized differential cross sections of top quark pair production in the dilepton decay channel are measured at the particle level in the visible phase space and the parton level in the full phase space with respect to the top p T , p tt T , tt mass, and ∆φ tt . The measured differential cross sections are found to be in agreement with the standard model predictions, being the top quark p T distribution the only one observed to be in mild tension with the NLO predictions. More details can be found in [2] . 
